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ABSTRACT
Bugs, Bullets and Birds: Factors Affecting the Health and Survival of Ferruginous Hawk
Nestlings in the Intermountain West
by
Ellis A. Juhlin, Master of Science
Utah State University, 2022
Major Professor: Dr. James Pitts
Department: Biology
Ferruginous Hawks are sagebrush and grassland-dwelling birds of prey experiencing declines
across much of their breeding range. Threatened by habitat loss and fragmentation from
urbanization, rural development, oil and natural gas extraction, habitat treatment projects, and
wildfires, Ferruginous Hawks (FEHAs) have been deemed a Species of Greatest Conservation
Need by state management agencies in Utah, Idaho, Wyoming and Nevada. Little is known
about how these factors affect FEHAs at early life stages. Developing a better understanding of
threats these birds are facing as nestlings, provides valuable insights into population dynamics
that can inform management strategies. We looked at two different factors that may affect
nestling health and survivorship: 1) how nest reuse affects parasite loads of nestlings, and 2) how
proximity to recreational shooting affects nestlings’ blood lead levels. Artificial nesting
structures have been used as a disturbance mitigation technique through much of our study
region, but the number(s) of platforms available within Ferruginous Hawk territories are more
limited than in areas with natural nesting substrate. Nest structures can serve as microrefugia and
overwintering habitat for arthropods, including avian ectoparasites, so nest reuse may contribute
to higher parasite loads in areas with fewer alternate nest options. We collected ectoparasites and
blood samples from FEHA nestlings across Utah, Idaho, Wyoming and Nevada during the 2020
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and 2021 breeding season to quantify parasite loads. We did not detect hemoparasitic DNA in
blood samples, and found that ectoparasite loads were low, and did not vary significantly on
nests with differing amounts of reuse. This study shows that nest reuse does not affect nestlings’
parasite loads, and parasites are not a large threat to FEHA nestlings in our study area. Lead
toxicity threatens birds of prey globally, and birds exposed as nestlings can face long term
negative effects. Nest sites surveyed during both years in Idaho were located on the Morley
Nelson Snake River Birds of Prey National Conservation Area, which is a key habitat for raptor
reproduction as well as an area with well documented recreational shooting activity. For the
second component of this study, we compared blood lead levels from nestlings in Idaho,
Wyoming and Utah during the 2020 and 2021 breeding seasons. We found nestlings from Idaho
sites had detectable levels of lead in their blood, while nestlings from Utah and Wyoming did
not. These findings indicate proximity to recreational shooting is exposing nestlings in Idaho to
lead ammunition. Only allowing shooting to occur in designated areas or creating lead
ammunition bans during breeding seasons, may be useful for reducing this exposure and
promoting conservation of FEHAs, and other birds of prey in this area. It is critical to assess
whether human activities or mitigation strategies have unintended negative consequences. By
developing an understanding of nestlings' parasite loads, and blood lead levels, this study
provides an illustrative example for future conservation initiatives.
(70 pages)
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PUBLIC ABSTRACT
Bugs, Bullets and Birds: Factors Affecting the Health and Survival of Ferruginous Hawk
Nestlings in the Intermountain West
Ellis A. Juhlin
Ferruginous Hawks are a bird of prey species that nest in sagebrush steppe and grassland habitat.
These birds are threatened by habitat loss and fragmentation from urbanization, rural
development, oil and natural gas extraction, habitat treatment projects, and wildfires, and
experiencing widespread population declines across their breeding range. Because of this,
Ferruginous Hawks (FEHAs) have been deemed a Species of Greatest Conservation Need by
state management agencies in Utah, Idaho, Wyoming and Nevada. The health and survival of
Ferruginous Hawk (FEHA) nestlings is crucial to long-term population viability. Understanding
the threats these birds are facing as nestlings can provide valuable insights into what challenges
their populations are facing, but factors that can affect FEHA nestlings’ survival are largely
understudied. Developing a better understanding of this topic this will provide valuable insights
into population dynamics and will inform management strategies. We looked at two different
factors that may affect nestling health and survivorship: 1) how reuse of nests from one year to
another affected parasite loads of nestlings, nest reuse affected parasite loads of nestlings, and 2)
how a nests’ proximity to recreational shooting affected blood lead levels in nestlings. Artificial
nesting platforms have been put up in areas where FEHAs nest. FEHA nesting territories usually
are made up of nests built on trees or rocky substrate. It is thought that numbers of platforms
available within FEHA nesting territories are more limited than in areas with natural nesting
substrate. Nest structures can serve as a mini habitat for insects, including avian ectoparasites, so
nest reuse may contribute to higher parasite loads in areas with fewer alternate nest options. We
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collected ectoparasites and blood samples from FEHA nestlings across Utah, Idaho, Wyoming
and Nevada during the 2020 and 2021 breeding season to quantify the parasites living on and
within the nestlings, also known as parasite loads. We did not detect hemoparasitic DNA in
blood samples, and found that ectoparasite loads were low, and did not vary significantly on
nests with differing amounts of reuse. This study demonstrates that nest reuse does not affect
parasite loads for nestlings in our study areas. Lead toxicity threatens birds of prey globally, and
birds exposed as nestlings can face long term negative effects. Nest sites surveyed during both
years in Idaho were located on the Morley Nelson Snake River Birds of Prey National
Conservation Area, which is a key habitat for breeding birds of prey. This area also has well
documented high recreational shooting activity. For the second component of this study, we
compared blood lead levels from nestlings in Idaho, Wyoming and Utah during the 2020 and
2021 breeding seasons. We found nestlings from Idaho sites had detectable levels of lead in their
blood, while nestlings from Utah and Wyoming did not. These findings indicate that proximity to
recreational shooting is exposing nestlings in Idaho to lead ammunition. To alleviate this, it
could be useful to consider changing shooting allowances or ammunition restrictions. By looking
at nestlings’ parasite loads and blood lead levels, this study establishes an important of some
threats nestlings’ face.
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CHAPTER I. INTRODUCTION
Predators fundamentally shape ecosystem function by directly and indirectly influencing
species' distribution, community composition, and nutrient cycling across a landscape. Because
of their position in the top trophic strata, predator populations are affected by a wide variety of
system inputs, and as such, may serve as indicators of system health (Şekercioğlu et al. 2004).
For example, raptors provide a wide range of ecosystem services, as apex predators, scavengers,
or even keystone species (Hazen et al. 2019). Many raptor species are facing regional and
widespread declines due to a variety of threats such as; habitat alteration or fragmentation,
introduction of pollutants and anthropogenic disturbances (McClure et al. 2018). Investigating
the response of raptor populations to anthropogenic changes can provide critical insights into
underlying ecosystem processes and overall ecosystem health (Donázar et al. 2016, Whelan et al.
2015, Whelan et al. 2008). However, illuminating the relationships between predator populations
and ecosystem processes is particularly challenging. Despite widespread occurrence, predator
species are often present in low densities across a landscape. In the United States, statewide
wildlife action plans have been developed to better identify species and habitats in need of
conservation, and prioritize management decision-making.
Ferruginous Hawks breed in sagebrush steppe, at the edge of pinyon-juniper woodlands,
grassland or open prairie habitats in central and western North America (Wallace et al. 2016,
Keough and Conover , Johnson et al. 2019). The sagebrush steppe continues to be changed by
invasions of noxious weeds, periods of prolonged drought, and fundamental alterations of fire
regimes (West 2000). Ferruginous Hawk populations have experienced regional declines
throughout the Intermountain West (Woffinden and Murphy 1989, Zelenak and Rotella 1997,
Houston and Bechard 1984), and are classified as a “Species of Greatest Conservation Need”
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across much of the region (Utah Division of Wildlife Resources 2015, Wyoming Game and Fish
Department 2017, Idaho Game and Fish Department 2016, Keough et al. 2015, Keeley et al.
2016). Much of the breeding range, particularly in the Intermountain West, overlaps with areas
experiencing oil and natural gas development and high densities of infrastructure associated with
these activities (Keough et al. 2015). These birds are particularly sensitive to disturbances during
the early part of the breeding season and nesting in close proximity to oil and gas wells
negatively affected reproduction rates (Wallace et al. 2016). Ferruginous Hawk populations are
also threatened by bioaccumulation of toxins, as well as habitat alteration and fragmentation, all
of which can cause population declines (Wallace et al. 2021, Nordell 2016, Dechant et al. 1999)..
When several threats act on a species in tandem, it creates multi-stressor situations that can
negatively affect individuals and threaten long term population viability (Jackson et al. 2021).
Studying threats these birds face at early life stages contributes to our understanding of
population dynamics and multi-stressor impacts for these threatened birds. For this project, I
looked at two factors that can affect the health and development of FEHA nestlings.; reuse of
nesting platforms and lead poisoning.
Artificial nesting structures have been built across FEHA’s breeding range to support
breeding efforts and mitigate the loss of natural breeding habitat and nest sites due to
development (Wallace et al. 2016). Usually, a breeding pair would establish a territory and
alternate between nest sites within that territory from one year to the next, but artificial nesting
structures are placed in lower densities than would naturally occur in optimal habitat (~1-2
platforms per territory). Thus, there is little opportunity for alternating nests between years and
platforms are reused consistently. Long term nest reuse has been associated with increased
parasite loads in other species (Tomás et al. 2007, Gwinner and Berger 2005, Stanback and
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Dervan 2001, Moller and Erritzoe 1996), and I sought to determine if nest reuse or nest type
(natural v. artificial platform) had an effect on parasite loads in FEHA nestlings (Chapter 2).
Some areas of FEHA breeding habitat have not undergone development for oil and gas,
but experience other anthropogenic disturbances that may negatively affect the birds. The second
part of this thesis (Chapter 3) focuses on a second stressor that threatens the health and survival
of FEHA nestlings, lead exposure. In this study, I sampled nestlings across Utah, Idaho and
Wyoming and determined blood lead concentrations. Nest sites in Idaho are located on the
Morley Nelson Snake River Birds of Prey National Conservation Area where there is a high
density of recreational shooting. However, Utah and Wyoming nests are located in areas with a
high density of oil and gas drilling, and recreational shooting is very limited or nonexistent. I was
interested in determining if recreational shooting activity could contribute to increased lead
exposure in nestlings. Understanding the myriad of threats facing these birds is critical to design
successful management efforts.
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CHAPTER II. PARASITE LOADS OF FERRUGINOUS HAWK NESTLINGS
Introduction
Artificial nesting platforms have been successfully employed to increase nest site
availability, and mitigate disturbances in response to human induced environmental changes and
loss of raptor breeding habitat (Palma et al. 2019, Hunter et al. 1997, Tigner et al. 1996, Steenhof
et al. 1993). Disturbances at or near a breeding territory can cause a pair of adult birds to
abandon the area, or may lead to early breeding season failures (Sumasgutner et al. 2021,
Wiggins et al. 2017, Nordell et al. 2017, Morrison et al. 2011, Woolaver et al. 2015). Because of
their height, artificial nesting platforms serve as a vertical buffer, allowing birds to escape
disturbances without having to relocate their breeding territories. Platforms can also provide safe
alternatives for birds nesting on power lines, (Kemper et al. 2020). Having access to artificial
nesting platforms may also reduce predation, since platforms are taller than many natural nest
site locations, especially ground nests and tree nests (Steenhoff et al. 1993, Schmutz et al. 1984).
Artificial nesting platforms have proven to be a successful mitigation strategy for a variety of
raptor species including Bald Eagles, Haliaeetus leucocephalus, (Grubb 1995) (Hunter et al.
1997), Golden Eagles, Aquila chrysaetos, (Postovit et al. 1982), Osprey, Pandion haliaetus
(Palma et al. 2019), Swainson’s Hawks, Buteo swainsoni (Schmutz et al. 1984), and Ferruginous
Hawks, Buteo regalis, (Keough and Conover 2012) (Wallace et al. 2016).
Ferruginous Hawks (FEHA) are the largest species of the genus Buteo in North America.
Ferruginous Hawks in the Western United States primarily breed in grasslands, open shrub
steppe habitats, or near the edge of pinyon-juniper groves (Watson et al. 2018). These birds are
experiencing widespread population declines (Woffinden and Murphy 1989, Zelenak and Rotella
1997, Houston and Bechard 1984) and are classified as a “Species of Greatest Conservation
Need” in several western states in the US, including Utah, Idaho, Wyoming and Nevada (Utah
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Division of Wildlife Resources 2015, Idaho Fish and Game 2016, Nevada Department of
Wildlife 2015, Wyoming Game and Fish Department 2017). Ferruginous Hawk breeding habitat
heavily overlaps areas with large scale anthropogenic disturbance, oftentimes in the form of
development for oil and natural gas extraction, or wind farms (Keough et. al 2015; Wiggins et al.
2017; Diffendorfer et al. 2021). In addition to disturbances, these birds are threatened by habitat
loss and fragmentation from urbanization and rural development (Wiggins et al. 2014).
Ferruginous Hawks show high interannual nesting territory fidelity (Wallace et al. 2016)
although anthropogenic disturbances strongly decrease the likelihood that a pair will return to a
historic territory (Nordell et al. 2017, Watson and Keren 2019).
In many areas, artificial nesting structures have been built to alleviate stressors caused
by development and disturbance for breeding FEHAs (Wallace et al. 2016) (Schmutz et al.
1984). Breeding pairs have built nests on platforms in close proximity to active oil well pads, or
in sub-optimal habitat (Erickson et al. 2008) (Keough and Conover 2012). Traditionally, a
FEHA breeding pair will establish a breeding territory, oftentimes in a juniper grove, along a
stretch of rocky substrate, or even on the ground (Keeley and Bechard 2017, Keough and
Conover 2012, Wallace et al. 2016, Gilmer and Stewart 1983). The pair will return annually to
their territory, but sometimes will build a new nest nearby the nest-site of a previous year. The
behavior of alternative nesting each year has been observed across a variety of birds, including
several birds of prey; Golden Eagles (Steenhoff et al. 2017, Slater et al. 2017), Bald Eagles
(Watts 2015), and Bonelli’s Eagle, Aquila fasciata (Ontiveros et al. 2008). Several hypotheses
exist to explain this behavior. The two most supported hypotheses are one, that building and
using alternative nests can outline a breeding pair’s territory and reduce competition with other
raptors (Newton 2010) or two, that alternative nesting is a strategy to reduce ectoparasites in the
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nest (Hanssen et al. 2017, Norris and Martin 2014, Ontiveros et al. 2008).
Nest reuse may contribute to higher parasite loads in nestlings (Gonzalez-Braojos et al.
2012, Tomas et al. 2007, Moller and Erritzoe 1996). Ectoparasites can find shelter in the
microhabitats that nest structures provide, surviving for long periods of time and in higher
abundances as a result (Hanssen et al. 2013, Loye and Carroll 1998, Rendell and Verbeek 1996,
Philips and Dindal 1977). In areas with high occupancy rates of artificial nesting structures,
FEHAs nesting on platforms are unable to move their nests, and often reuse the same location
(Wallace et al. 2016). It is presumed that raptors have evolved a variety of behavior to combat
ectoparasites including: alternative nest building (Ontiveros et al. 2008), avoiding re-using nests
from years prior (Merino and Potti 1995, Newton 1979), incorporating certain types of green
vegetation into the nest to repel parasites (Ontiveros et al. 2007) and avoiding or even rejecting
nest sites with high parasite abundance (Breen et al. 2016).
Nestlings come in contact with ectoparasites through a variety of ways. Parasites living
on adults can be transferred to nestlings, and food deliveries can introduce parasites living on
prey species into the nest. There are three species of lice that have been documented to
parasitize FEHAs (Price et al. 2003). Sol et al. 2008 found that within a given population of
pigeon nestlings, the older chicks were more likely to be parasitized than the younger, but when
younger nestlings did have parasites, it was at higher numbers. Brooke 2010’s study evaluated
the transmission of feather lice from adult to offspring in blackbirds, and found a higher
number of lice dispersing from adults to larger nestlings. Brooke speculated this could be due to
larger chicks having a better chance of survival/fledging. However, they found no evidence that
lice dispersal changed with density of lice in adults (Brooke 2010). Some studies have found
that nestlings can have similar rates of hemoparasite infection in the same nest (Svobodova et
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al. 2015). Dipteran vectors like biting midges or mosquitoes can transmit hemoparasites to
nestlings as well (Ferreira et al. 2020).
Parasites can be found on all bird species, and while most adult birds live with parasitism
without significant negative effects, nestling and juvenile birds are more susceptible to parasitic
impacts (Townsend et al. 2018, Franke et al. 2016). High parasite loads stimulate an immune
response that can be energetically expensive for nestlings, and can limit the energy and nutrients
available for other functions (Hanssen et al. 2017) and high parasite loads of blackflies, family
Ceratopogonidae., and other native or invasive fly species have been associated with nestling
mortalities (Edworthy et al. 2019, Franke et al. 2016, Smith et al. 1998). Parasitism can have
delayed negative effects on growth, survival, recruitment, and breeding success of birds afflicted
as nestlings (Biagolini and Macedo 2021, Townsend et al. 2018, Wegmann et al. 2015, Bize et
al. 2004). Hematophagous ectoparasites can negatively affect nestlings’ red blood cell counts,
and development (Griebel and Dawson 2020, Weddle et al. 2000) and ectoparasites can also
negatively affect clutch size, nestling survival (Fitze et al. 2004), and decrease nestlings’
fledging success (Addesso et al. 2020), Additionally, many studies have documented changes in
parental care in response to parasitic pressure including additional provisioning, which can be
energetically costly for adult birds (Fitze et al. 2004). While the negative effects of parasites on
an avian host is partially understood, specific knowledge of parasite loads of nestlings,
especially Ferruginous Hawk nestlings, remains understudied.
This study aimed to determine if long term nest reuse has an effect on parasite loads of
FEHA nestlings. Although FEHAs are widely distributed across prairie and sagebrush steppe
systems, little is known about their parasite loads. Our hypothesis was that nestlings on artificial
nests with long term reuse would have higher parasite loads than nestlings on natural nests or
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new nests. It is critical to assess whether human mitigation strategies have unintended negative
consequences, and studying early life history and health can help us better understand
population dynamics and viability long term.
Methods
Nest Surveys
Sampling occurred in areas with historically high densities of nesting territories and
breeding Ferruginous Hawks. All known nests that were active within these areas were sampled.
Known nests were based on nest data from the Wyoming Natural Diversity Database, the Bureau
of Land Management’s Green River District Vernal Field Office, and Boise District Office.
These areas encompassed a large portion of the breeding range for this species. Sampled
nestlings came from three nest types; nests on rocky substrate, juniper trees, and artificial nesting
platforms. Nestlings were also sampled from nests with varying use histories, ranging from new
nests where the nest had been built in the current breeding season, and nests that have been used
consistently for ten years or more. Known nesting sites and territories, as well as their use
histories, were provided by collaborators from the Bureau of Land Management, the Utah
Division of Wildlife Resources, and the Wyoming Natural Diversity Database. Following the
terminology of the 2011 Utah West Desert Raptor Nest Survey and Monitoring Protocol Manual,
created by the Utah Legacy Raptor Project, known nesting territories were surveyed at the start
of the breeding season to determine occupancy.
Sampling
Nestlings within the same nest can have different parasite loads because vectors
carrying hemoparasites may bite some but not all nestlings, and ectoparasites may be
transferred from adults to offspring or from prey species to nestlings randomly. Therefore, all
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nestlings in a nest were sampled, even though nestmates are pseudoreplicates. Nests were
accessed by ladders or tree climbing techniques. Nestlings older than 24 days of age were
sampled (Hull and Bloom 2001). Sampling involved banding, blood collection, and dustruffling with an insecticide for ectoparasites. Nestlings were aged using the Moritsch
photographic guide (1985). When a nestling within a clutch was significantly smaller than its
siblings possibly due to a later hatch date or being outcompeted by siblings for food, only 1mL
of blood and measurements were collected.
Morphometric measurements of nestlings included; weight, bill depth, culmen, hallux
chord, footpad, and tarsus width and depth (Hull and Bloom 2001). Nestlings’ sex was
determined based on tarsus measurements (Pitzer et al. 2008, Gossett 1993). Each nestling
over 24 days of age was banded with a U.S. Geological Survey metallic leg band with a unique
identification number. Nestlings were not banded if they were under 24 days of age. One to
two mL of blood was drawn from the brachial vein using a 25 gauge needle and a 3 mL
syringe. We collected no more than 2 ml of blood from each individual, representing less than
1% of the nestling's body mass (Voss et al. 2010). Blood was put into 0.5 mL aliquots in 1 mL
EDTA tubes and gently rocked for 20 seconds to ensure adequate mixing with the
anticoagulant. Blood samples were kept cold on ice in the field and then frozen in a -80℃
freezer for storage until later processing. Blood smears were made at the end of the collection
day using EDTA blood (Samour 2005). After a blood sample was collected, a thorough visual
exam was conducted to look for ectoparasites. Nestlings were subsequently “dust-ruffled”
following the methods of Clayton and Drown 2001, with 1.5 g of insecticide powder
containing 0.1% pyrethrins and 1.0% piperonyl butoxide (Zodiac’s Flea & Tick Powder.
Wellmarck International, Shaumberg, IL) across the breast, back, and both sides of the wings.
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Dust-ruffling was carried out inside a large plastic bin to block wind and collect insects that
fell off. The insecticide powder was applied to nestlings using a makeup “blush brush” to
brush the powder through the feathers in an attempt to increase contact with arthropods living
on the bird. This insecticide acts quickly, so ruffling was performed directly after applying the
insecticide. The insecticide powder was brushed off the nestling and insects that fell off the
bird in the plastic tub were collected. Tubs were rinsed out with 70% isopropyl alcohol, and
wiped out with “Kimwipes” (Kimtech Science, Kimberly-Clark Professional, Roswell, GA)
between uses. Ectoparasites collected from birds were stored in 70% isopropyl alcohol for
preservation, and identified at the Utah State University Extension Plant Pest Diagnostic Lab.
Hemoparasite Detection Methods
Blood smears and PCR assays were evaluated for the presence of hemoparasites.
Blood smears were fixed in 70% isopropyl alcohol within 12 hours of sampling, stained using
Wright-Giemsa stain and evaluated by a trained veterinary medical technician using a BX41
microscope (Olympus corporation, Tokyo, Japan) (Samour 2005). Blood samples were tested by
PCR to determine relative abundance of the three main genera of avian hemoparasites
Plasmodium spp., Leucocytozoon spp., and Haemoproteus spp. Following the methods of Bell et
al. 2015, a quantitative PCR (qPCR) was used to determine the relative amount of hemoparasite
DNA within a blood sample. If a sample was positive using qPCR, the sample was tested using
the methods of Waldenstrom et al. 2004 and the amplicon was sequenced to determine the
hemoparasite species. Both PCRs were validated in the laboratory using samples positive and
negative for all three genera. DNA was extracted using the Qiagen DNeasy 96 Blood and Tissue
Kit (Qiagen Cat. #69506, Qiagen, Valencia, CA) following the nucleated blood cell protocol
starting with 10 µl of blood and eluted with 200 µl of buffer. The qPCRs were run with SYBR
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Green using PowerUp SYBR Green Master Mix (ThermoFisher Scientific, Vilnius Lithuania,
Cat. #A25741) with primers R330F and R480RL. The PCR reaction consisted of 10 µl of 2X
MM, 8 µl of forward and reverse primers, 5.4 µl of water, and 3 µl of DNA template. Cycling
conditions were 50°C for 2 min, 95°C for 2 min and then 35 cycles of 95°C for 30s and 53°C for
35s followed by a final melt curve analysis using the auto melt curve from ABI software.
Positive and negative controls were used in all runs. The nested PCRs were performed using the
InvitrogenTM Platinum Taq Master Mix (ThermoFisher Scientific, Vilnius Lithuania, Cat.
#14000-012). The first round of primers were Heam NFI and HEAM NR3. The PCR reaction
consisted of4.2 µl of water, 10 µl of 2X MM, 0.4 µl of forward primer and 0.4 µl of reverse
primer, and 3 µl of DNA template. Samples were run at 95°C for 3 minutes for 20 cycles, then at
95°C for 30 seconds, 50°C for 45 seconds, 68°C for 1 minute and 68°C for 5 minutes. The
second PCR reaction used the L350F and L890R primers with 6.2 µl of water, 10µl of 2X MM,
0.4 µl of forward primer, 0.4 µl of reverse primer and3 µl of DNA template. Cycling conditions
were 95°C 50°C for 45 seconds, 68°C for 1 minute and 68°C for 5 minutes. PCRs were run in a
1.25% agarose gel and visualized with ethidium bromide. The FIFI, R2 and L825R primers were
used for DNA sequencing (Waldenstrom et al. 2004).
Statistical Analysis
An ANOVA was run to compare parasite loads across nests with differing reuse
histories; nests were grouped into categories of 0-2 years, 3-5 years, 6-9 years and 10+ years of
reuse.
Results
Over the course of the 2020 and 2021 breeding seasons, 163 nestlings were sampled from 56
nests across Utah, Idaho, Wyoming, and Nevada (Table 1). Nests were mainly on artificial
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platforms (n= 44), with a few in juniper trees (n = 2), or on rocky substrates (n= 9). qPCRs were
run for hemoparasite detection on 84 blood samples from 2020 and 79 blood samples from 2021
for a total of 163 samples. Hemoparasite DNA was not detected in any sample, nor were
hemoparasites seen during blood smear evaluation. A total of 137 nestlings were dust ruffled for
ectoparasites, 73 in 2020 and 64 in 2021 (Table 2). There were 10 blood samples from Nevada
nests but no ectoparasite samples. In some cases in Utah, Idaho and Wyoming, nestlings could
not be dust-ruffled during sampling due to severe wind, heat, or impending rainstorms. From the
2020 sampling; insects were found on 26% of nestlings sampled, with parasitic insects being
found on 21% of those nestlings. From the 2021 sampling; insects were found on 25% of
nestlings sampled, with parasitic insects being found on 38% of those nestlings (Table 2). All
parasites found were in low abundances, < 6 parasites per bird. Only one species of feather lice
was found on nestlings, Degeeriella fulva. There were also black flies or biting midges, and fleas
found on nestlings (Table 2). The average number of insects found on nestlings in 2020, n=2.5,
was slightly higher than in 2021, n=1.4. Parasite load was not related to nest reuse length among
the nests sampled (ANOVA, df = 4, p = 0.5). Dust ruffling the nestlings did result in a certain
amount of arthropod “bycatch” including thrips, wasps, and ants. This is the first published study
of nestling parasite loads in Ferruginous Hawks.
Discussion
Due to the sample size of 56 nests across four states during the two years of sampling,
we believe we sufficiently surveyed a large enough portion of the breeding range to have
confidence in our results, however, there was an overwhelming majority of platform nests
compared to natural nests. Given the breakdown of nest types sampled, there is not sufficient
power to analyze nest type’s effect on parasite loads.
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No hemoparasites were found in nestlings’ blood samples from all four states over the
two years of this study. The lack of hemoparasites is surprising. Blood samples were tested in an
accredited veterinary diagnostic laboratory by experienced technicians and testing was overseen
by a board certified veterinary pathologist. Positive and negative controls were included with
each hemoparasite PCRs run, and the coupling of blood smears with PCR analyses should ensure
accuracy in detection of hemoparasites (Hanel et. al 2016, Bell et al. 2015, Waldenstrom et al.
2004).
The lack of hemoparasites in any samples differs from several studies in other birds of
prey. Ashford et al. (1991) detected Leucocytozoon toddi presence in 29% of Eurasian
Sparrowhawk (Accipiter nisus) nestlings. In their 2015 study, Hanel et al. documented
Leucocytozoon in 13.6% of nestlings and Haemoproteus in 2.3% of Northern Goshawk
(Accipiter gentilis) nestlings in the Czech Republic, but no Plasmodium sp. were detected.
Jeffries et al. (2015) looked at Northern Goshawk nestlings in the United States’ Great Basin and
found Leucocytozoon parasites in all nestlings sampled (n = 27). These studies sampled nestlings
at similar ages to ours, so it is unlikely that sampling age could have affected our results.
Ashford et al. (1990) found that infection occurred around 12 days of age, and Sparrowhawk
nestlings fledge around 48 days, similar to Ferruginous Hawks.
Gutiérrez-López et al. (2015) tested blood samples from 282 Eleonora’s Falcon (Falco
eleonorae) nestlings for Haemoproteus, Leucocytozoon and Plasmodium sp. and did not detect
any blood parasites. However, all three groups were found in samples from adults, leading the
authors to hypothesize that adults may have been infected while on migration or in overwintering
areas (Gutiérrez-López et al. 2015). Similarly, Hanel et al. 2015 found much larger numbers of
adults infected with hemoparasites compared to nestlings in Northern Goshawks. Dunn et al.
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2016 also noted lower parasitic prevalence in nestlings compared to adults, and hypothesized this
was due to parasite prepatent periods where they may not be detectable in blood samples. Since
our study only evaluated parasite loads of nestlings only, assessing parasite loads of adults may
provide a key component of understanding the parasitic threats FEHAs may face.
Svobodova et al. (2015) found that the overall abundance of hemoparasites varied
significantly between study sites and years. With only two years of sampling, we may not have
been able to detect this sort of variation. It would be useful for future studies to evaluate
additional FEHA breeding areas in various habitats over a longer period of time. It is worth
noting that during our two years of sampling, our study areas were experiencing extreme drought
which may have decreased insect vectors and infection with hemoparasites (Common et al. 2019,
Samuel et al. 2011). The areas we have surveyed are expected to continue to experience
prolonged droughts (Zhao 2015, Trenberth et al. 2014) which may cause changes in parasitic
vectors (Wagner 2020), so establishing a baseline for comparison is valuable. Additionally, as
anthropogenic climate change continues, ranges of parasites are expected to change ( Rocklöv
and Dubrow 2020, Short et al. 2017). Quantifying these baseline parasite loads for FEHA
nestlings in the Intermountain West is useful for future comparisons as parasite ranges and
distributions may change.
Ectoparasite numbers were less than six parasites per bird. The numbers of ectoparasites
on nestlings did not differ significantly based on nest reuse history (ANOVA p = 0 .5). We found
three types of ectoparasites on nestlings; fleas (Siphonaptera sp.), biting midges
(Ceratopogonidae sp.), and feather lice all of the same species (Degeriella fulva). Biting midges
are well documented as being vectors of hemoparasites (Hanssen et al. 2017, Ashford et al.
1991) and can negatively affect nestling health when present in large numbers (Franke et al.
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2016, Smith et al. 1998). Vector prevalence heavily influences parasitization rates (Sol et al.
2008), so the low numbers of vectors we found on nestlings corroborate the lack of hemoparasite
prevalence.
Dust-ruffling has been well documented as an effective non-lethal ectoparasite sampling
method, collecting about 80% of the total number of ectoparasites that may be present on a bird
(Walther and Clayton 1997). This is the highest accuracy for a non-lethal method, but leaves a
margin of error that may have contributed to lower nestling ectoparasite counts. All ectoparasite
samples were identified by the head arthropod diagnostician at a Utah State University Extension
Laboratory. It is possible that certain groups of ectoparasites may have been present in the nest
but not collected from nestlings. There could be arthropods living deeper within nest material
that had not made contact with nestlings, and therefore may not have made it into our samples.
Future studies could incorporate the use of pitfall traps to sample nest material as well (Dudek
2017). Additionally some parasites, like biting midges, can fly and may have been able to fly off
nestlings while they were being removed from the nest.
Overall, our data suggest that in FEHA breeding areas in arid environments, artificial
nesting structures will not contribute to an increase in ectoparasites or hemoparasites in nestlings.
Understanding potential consequences of mitigation techniques, and the threats these birds are
facing at early life stages provides valuable insights to design management interventions as well
as long term health and survival of the species. As Ferruginous Hawks continue to be impacted
by anthropogenic disturbances including oil and gas development, the use of artificial nesting
structures may be a successful mitigation strategy. This study shows that nest reuse is not
associated with increased parasite loads of Ferruginous Hawk nestlings in our study areas, which
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is an important consideration for management decisions when choosing when to use nesting
platforms.
Table 1
Breakdown of sampling efforts from 2020-2021 breeding seasons
State

Year

Nests

Nestlings

No. Blood Samples

No. Ectoparasite Samples

ID

2020

11

42

42

42

WY

2020

9

26

26

23

UT

2020

3

9

9

8

NV

2020

4

7

7

0

ID

2021

10

33

33

33

WY

2021

11

32

32

20

UT

2021

5

11

11

11

NV

2021

3

3

3

0

Table 2
Insects collected from dust-ruffling nestlings, identified to species when possible or to family if
not, and sorted into parasitic and non-parasitic groups

Sample ID

Year

State

Parasitic Insects

Non-parasitic Insects (Bycatch)

3

2021 ID

0

1 Aphididae

14

2021 UT

0

1 Aphididae

9

2021 WY

1 Ceratopogonidae

0

11

2021 WY

2 Ceratopogonidae, 1 Degeeriella fulva

0

21

12

2021 UT

1 Ceratopogonidae

0

30

2021 ID

1 Ceratopogonidae

0

15

2021 UT

0

1 Encyrtidae

19

2021 ID

0

1 Encyrtidae

16

2021 WY

1 Ceratopogonidae

1 Encyrtidae

7

2021 WY

0

1 Formicidae (head only)

6

2021 WY

0

1 Lygaeidae (unknown - head only)

8

2021 UT

0

1 Thysanoptera

10

2021 WY

0

1 unknown hymenoptera (possibly Braconidae)

27

2021 ID

0

1 Unknown Hymenoptera (damaged)

2

2021 ID

0

2 aphididae, 1 thysanoptera, 1 aphid parasitoid
(Hymenoptera)

17

2021 UT

1 Siphonaptera

1 Araneae

66

2020 WY

1 Ceratopogonidae, 1 Siphonaptera

5 Encytridae, 1 Dipteran larva, 1 Formicidae

73

2020 WY

0

1 Coleoptera, missing head

57

2020 WY

0

2 Thysanoptera

65

2020 WY

3 Digeeriella fulva

70

2020 WY

0

1 Formicidae, 2 Cicadellidae

59

2020 WY

2 Ceratopogonidae, 1 Digeeriella fulva

0

68

2020 WY

1 Ceratopogonidae

0

44

2020 UT

1 Ceratopogonidae

1 Araneae

1 Cicadellidae, 1 Trichoptera

22

71

2020 WY

1 Siphonaptera

2 Cicadellidae

76

2020 WY

0

1 Formicidae, 1 Mymaridae

77

2020 WY

0

1 Cicadellidae

14

2020

1 Digeriella fulva

0

63

2020 WY

0

1 Formicidae, 1 Thysanoptera, 1 Encytridae

78

2020 WY

0

1 Formicidae

74

2020 WY

1 Siphonaptera

0

45

2020 UT

0

1 Thysanoptera

47

2020 UT

0

unknown hymenoptera, 1 unknown Diptera

72

2020 WY

2 Ceratopogonidae, 1 Digeriella fulva

1 Encytridae

56

2020 WY

0

1 Unknown Hymenoptera, 1 Cicadellidae
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CHAPTER III. NESTLING BLOOD LEAD LEVELS
Introduction
Lead poisoning poses a major threat to wildlife globally (Pain et al. 2019), and has been
documented across a variety of organisms including many species of birds, mammals and fish
(Demayo et al. 1982). The American Bird Conservancy estimates that as many as 16 million
birds are poisoned by lead each year, spanning a diverse array of avian groups including
waterfowl, seabirds, upland game birds, and raptors (Franson and Pain 2011, Haig et al. 2014,
Friend et al. 2009, Aloupi et al. 2017, Roux and Marra 2017). Lead is a toxicant that causes
inhibition of hemoglobin synthesis and impairs liver, renal, and nervous system functions
(Monclus et al. 2020, Lumeij 1985, Williams et al. 2017). Clinical signs in birds with high lead
exposure include weight loss, depression, loss of balance, limb weakness, inability to fly,
respiratory distress, and/or convulsion leading to mortality (Krone 2018, Fallon et al. 2017).
Birds can be poisoned by lead directly or indirectly via a variety of sources; ingesting lead from
bullet fragments in a carcass (Cade 2007, Cruz-Martinez et al. 2012), mining (Beyer et al. 2013),
or leftover fishing equipment (Haig et al. 2014).
Raptors are particularly susceptible to lead poisoning since they may feed on carcasses
containing lead bullets (Slabe et al. 2020, Monclús et al. 2020, Shore and Taggart 2019, Cade
2007, Cruz-Martinez et al. 2012). Despite alternative ammunition choices, the use of lead bullets
is still widespread (Pain et al. 2019, Avery and Watson 2009) and in areas where recreatio nal
shooting is common, lead can accumulate rapidly (Ferreyra et al. 2014). Lead ammunition can
become embedded in a carcass, which is then consumed by an adult or taken back to a nest and
fed to offspring (Katzner et al. 2018, Golden et al. 2016, de Voogt et al. 2016, Haig et al. 2014).
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It has been shown that much of the lead found in birds of prey comes from lead ammunition via
stable isotope analysis (Arrondo et al. 2020 Pain et al. 2019, Pain et al. 2009).
The risk of lead exposure from consuming prey containing lead ammunition varies
temporally, but is highest during the hunting season (Ecke et al. 2017, Cruz-Martinez et al. 2012,
Descalzo et al. 2021 ). Descalzo et al. (2021) found that blood lead concentrations were higher at
the end of hunting season than the beginning. Hunters often leave behind the entrails of an
animal in an offal pile containing significant amounts of lead ammunition fragments, which is
consumed by scavenging raptors. Offal piles from deer have been attributed to lead ingestion in
California Condors, Gymnogyps californianus, (Poessel et al. 2018, Cade 2007), Golden Eagles,
Aquila chrysaetos, (Domenech et al. 2021, Ecke et al. 2017, Harmata et al. 2013) and Bald
Eagles Haliaeetus leucocephalus (Slabe et al. 2022, Manning et al. 2019). In areas with
recreational shooting, where small mammals (e.g. prairie dogs, jack rabbits, etc.) are usual
targets, the carcasses are not harvested and will remain intact in the environment after shooting.
This may exacerbate lead exposure for raptors as they consume the entire carcass, or take it back
to a nest to feed offspring (Slabe et al. 2020, de Voogt et al. 2016, Hunt et al. 2006). Other nongame species shooting events, like coyote hunting, have been attributed to seasonal increases in
blood lead levels and contribute to lead-contaminated carcasses being left to decompose on the
landscape (Stauber et al. 2010).
The lethal effects of lead poisoning in raptors have been well documented. However, less
research has been done on the sublethal effects when birds ingest lead as nestlings. Sublethal
amounts of lead in the bloodstream of birds can cause oxidative stress, and negatively affect
heme synthesis, bone metabolism, and reproductive and immune functions (Descalzo et al. 2021,
Pain et al. 2019, Ecke et al. 2017). For nestlings, sublethal effects of lead poisoning may
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negatively affect their growth, survival, and reproduction later in life (Vallverdú-Coll et al.
2019).
Ferruginous hawks are listed as threatened, or “Species of Greatest Conservatio n Need”
in Idaho, Utah and Wyoming and face challenges from anthropogenic disturbance, urban sprawl,
habitat alteration and shifting fire regimes (Hayes and Watson 2021, Keough et al. 2015,
Wallace et al. 2016). It is imperative to understand additional threats facing FEHA populations
for conservation efforts. Quantifying lead levels in these birds can provide a window into
understanding the overall abundance of lead on the landscape. Studying nestling blood lead
levels provides valuable information into threats these birds are facing at early life stages, which
carries important implications for long term population viability and can influence management
decisions.
The Morley Nelson Snake River Birds of Prey National Conservation Area (henceforth,
NCA), was established to promote the conservation and protection of raptors and their breeding
habitat. The NCA supports one of the highest densities of breeding raptors in the world, across
sixteen different species. The high density of breeding raptors is possible due to a large prey base
consisting of species like black-tailed jackrabbits, and Piute ground squirrels (Steenhof &
Kochert 1988). The NCA is in close proximity to the urban area of Boise, Idaho and has a high
density of recreational shooters on weekends, particularly from February to July (Katzner et al.
2020). The breeding season for FEHAs in the NCA completely overlaps with this period of
heavy shooting, beginning in late February/early March and ending when nestlings fledge in late
June/early July. In contrast, nest sites in Utah and Wyoming are in close proximity to active oil
and natural gas drill sites (less than .5 km), and have no known recreational shooting occurring
within the adult birds’ hunting range during breeding seasons.
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We compared blood lead levels in FEHA nestlings in three different regions across the
birds’ breeding range in the Western United States to determine if the risk of lead exposure in
nestlings increases when nests are located in close proximity to recreational shooting. Based on
the differences in recreational shooting among these sites, we expected nestlings from the NCA
to have higher blood lead levels than nestlings in Utah or Wyoming.
Methods
Nest Surveys
During the 2020 and 2021 breeding seasons (roughly, May-June) we banded and
collected blood samples from FEHA nestlings in Utah, Idaho, and Wyoming. We sampled from
areas with historically high densities of nesting territories and breeding FEHA. We sampled all
known nests that were active within these areas, based on nest data from the Wyoming Natural
Diversity Database, the Bureau of Land Management’s Green River District Vernal Field Office,
and Boise District Office. These areas encompassed a large portion of the breeding range (Figure
2). Following the terminology of the 2011 Utah West Desert Raptor Nest Survey and Monitoring
Protocol Manual, created by the Utah Legacy Raptor Project, known nesting territories were
surveyed at the start of the breeding season to determine occupancy. Given that recreational
shooting practices seem to not vary between years at our study sites, we combined the two years
of sampling data for our analysis.
Sampling
We climbed into nests with ladders or using arboreal climbing techniques for artificial
platform nests located above 10 feet. We banded nestlings 24 days old and older. We aged
nestlings using the Moritsch photographic guide (1985). When a nestling within a clutch was
significantly smaller than its siblings, possibly due to a later hatch date or being outcompeted by
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siblings for food, it was not sampled. We drew 1-2 mL of blood from nestlings over 24 days of
age, from the brachial vein. Blood was drawn from the brachial vein with a 25 gauge needle and
a 3 mL syringe. The amount of blood drawn depended on the weight of the nestling. We
collected no more than 2 ml of blood from each individual, representing less than 1% of the
nestling's body mass (Voss et al. 2010). Blood was divided into 0.5 mL aliquots in 1mL EDTA
tubes and gently rocked for 20 seconds to ensure adequate mixture with anticoagulant.. Blood
samples were kept cold on ice in the field and then frozen in a -80℃ freezer for storage until
later processing. Morphometric measurements of nestlings included; weight, bill depth, culmen,
hallux chord, footpad, and tarsus width and depth (Hull and Bloom 2001). Nestlings’ sex was
determined based on tarsus measurements (Pitzer et al. 2008, Gossett 1993). Each nestling over
24 days of age was banded with a U.S. Geological Survey metal leg band with a unique ID
number. Nestlings under 24 days were not banded.
Blood Lead Levels
Since our goal was to document lead exposure, and cohort siblings within a nest are
likely sharing or consuming similar amounts of prey delivered by adults, we chose to analyze
one blood sample per nest to reduce testing cost. Lead concentrations in the blood were
determined with inductively coupled plasma mass spectrometry (ICP-MS) at the Texas A&M
Veterinary Medical Diagnostic Laboratory, College Station, TX, USA. This methodology has a
high sensitivity and minimal margins of error (Schutz et al. 1996).
Results
Nestlings from 22 nests were sampled during the 2020 breeding season and 26 nests in
2021, across Idaho, Wyoming, and Utah, for a total of 48 nests (Table 1). From the 48 nestlings
sampled, six samples from the Idaho NCA had > .01 ppm of lead in the blood indicating lead
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exposure (Table 2). None of the samples from Utah or Wyoming showed detectable levels of
lead in the blood (< .01 ppm).
Discussion
As predicted, nestlings in Idaho (6 out 20) had detectable levels of lead in their blood, whereas
nestlings from Utah (n= 8) and Wyoming (n=20) did not. This is probably due to recreational
shooting occurring in close proximity to the nest sites in Idaho. Lead exposure prior to fledging
is concerning for nestlings long term, given the deleterious effects of lead poisoning when
exposure begins at such a young age. There is a general agreement that blood lead
concentrations between 0.2 ppm and 0.6 ppm represent subclinical elevation in adult birds
(Fallon et al. 2017). However, these FEHA nestlings were only 24 - 40 days old and already had
blood lead concentrations ranging from 0.011 ppm to 0.33 ppm. Therefore, the likelihood of
reaching concentration known to cause clinical signs during their life is increased. Sublethal
effects of lead poisoning are well documented in adult raptors (Poessel et al. 2018, Descalzo et
al. 2021, Ecke et al. 2017, Popenga 2014). Sublethal effects can include increased oxidative
stress, decreased fitness, altered movement behavior, as well as compromised immune and
reproductive function; all of which come to bear on the long-term health or reproductive
capabilities of these birds. In addition, in nestlings, lead poisoning may have sub-lethal effects
on development of the neurologic and skeletal system (van den Heever et al. 2019).
The Snake River Birds of Prey NCA is a key habitat that is critical for raptor
conservation because of the density and diversity of breeding raptors it supports. It is likely that
the recreational shooting of prey species with lead ammunition is the main cause of the
detectable blood lead levels in nestlings from the NCA. It is well documented that blood lead
levels vary during hunting and non-hunting seasons (Slabe et al. 2020, Hunt et al. 2006, Kelly et
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al. 2011). However, recreational shooting occurs year-round on the NCA, and shooting is
highest from February-July. To promote FEHA conservation, it could be useful to consider
implementing restrictions on recreational shooting of live animals such as squirrels, prairie dogs,
and coyotes during the breeding season, or banning lead ammunition. Areas with lead
ammunition bans have seen significant decreases in blood lead levels for a variety of birds of
prey species including Turkey Vultures, Golden Eagles and California Condors (Kelly et al.
2011). Currently, Idaho has no state level ban on lead ammunition (Avery and Watson 2009,
Shields 2022).
This study demonstrates that FEHA nestlings in the NCA are being exposed to lead,
while nestlings in similar habitats, with similar diets, but areas without recreational shooting
have no detectable blood lead levels. Tracking nestlings from the NCA with detectable lead
levels throughout their lives could provide useful information on how early life lead exposure
affects the birds as adults. Further research on how lead exposure from recreational shooting
may affect the lifespan of raptor species in the Idaho NCA could contribute to the effective
management of this system of important birds of prey.
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Table 1
Number of Ferruginous Hawk nests sampled in each state and number of nests with a nestling
with detectable blood lead concentration
State

No. Nests

No. Nests with
Lead

Idaho

20

6

Wyoming

20

0

Utah

8

0

Total

48

6

Table 2
Blood lead concentration in Ferruginous Hawk nestling with detectable concentration in Idaho

Sample ID State

Pb Concentration
(ppm)

1

ID

0.022

11

ID

0.018

24

ID

0.14

30

ID

0.333

32

ID

0.011

103

ID

0.011
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Figure 1
Blood lead concentration in Ferruginous Hawk nestling in Idaho
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Figure 2
Map of nest site locations in Idaho, Wyoming and Utah compared with known Ferruginous
Hawk breeding range
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CHAPTER IV. CONCLUSION
Ferruginous hawks play a critical role as apex predators in the healthy function of the
threatened prairie and sagebrush steppe habitat these birds breed in (Donázar et al. 2016)
Anthropogenic disturbance, such as development for resource extraction and recreation, occurs
throughout the hawks' breeding range (Wallace et al. 2021, Parayko 2021, Wallace et al. 2016).
Better understanding of how such stressors affect organisms at the top of the food chain provides
one assessment of the status of the whole system (Donázar et al. 2016, Şekercioğlu et al. 2004).
As a species deemed in need of conservation by management agencies across their breeding
range, it is important to understand threats facing the overall FEHA population (Keeley et al.
2016, Schmutz et al. 2008, Watson and Pierce 2003, Woffingden and Murphy 1989). Such
information can be gained by studying FEHA at early life stages. Population viability is
dependent upon the successful rearing and fledging of nestlings (Cruz et al. 2021). To determine
potential threats to nestling health and survival, this study establishes an understanding of how 1)
increased nest reuse due to the use of artificial nesting structures affects nestlings’ parasite loads
and 2) how the proximity to recreational shooting affects nestlings’ blood lead levels. Though
very different, both artificial nesting structures and recreational shooting represent two
anthropogenic activities or disturbances on a landscape that could negatively affect FEHA.
By understanding the consequences of these two topics, we can better focus on what
stressors FEHA nestlings are facing. We found that parasite loads do not differ significantly
between nests of varying reuse, and that overall parasite loads found on nestlings in our study
area are particularly low. Parasites do not appear to be a major threat to FEHA nestlings, and
long-term nest reuse does not affect parasite loads of nestlings in our study area. It would be
useful to next look at parasite loads of adult FEHA to determine if there is a variation based on
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life stage. Given ongoing development and habitat alteration across FEHA breeding ranges, the
continued use of artificial nesting structures is an important mitigation tool managers can
continue to employ. Additionally, by establishing a baseline of FEHA parasite loads, we can
track how these may change over time as parasites and parasitic vectors’ ranges are expected to
expand and fluctuate with climate change (Hoberg et al. 2015).
We also determined that nestlings’ proximity to recreational shooting results in detectable
levels of lead in the blood. These findings are especially important given the specific location of
nestlings with detectable blood-lead levels. All these FEHA nestlings were from nests within the
Morley Nelson Snake River Birds of Prey National Conservation Area. This area is a crucial
breeding habitat for a variety of sensitive raptor species including Prairie Falcons and Golden
Eagles (Slabe et al. 2022, Steenhof and Kochert 1989). These birds also rely upon the abundance
of small mammal prey animals, any of which can be contaminated with lead ammunition from
recreational shooting activity in the area (Williams et al. 2017). Based on our findings, it is
important to investigate how lead may be bioaccumulating in other raptor species in this area.
The information gleaned from this work can inform management decision making regarding
timing of recreational shooting and ammunition allowances (Pain et al. 2019, Popenga et al.
2014).
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